The π-cation interaction plays an essential role in the central nervous system, as a number of neurotransmitters contain cationic moieties. 4, 5 A mounting evidence indicates the significance of the π-cation interactions in the binding of acetylcholine and related ligands to acetylcholine esterase, nicotinic and muscarinic acetylcholine receptors, and other G protein-coupled receptors. The site-directed mutagenesis analysis of nAChR provides the evidence that the highly conserved aromatic residues are possibly involved in ligand binding with a cationic center, protonated sp 3 nitrogen. Indeed, the deletion or replacement of these amino acids leads to significant diminution of ligand binding affinity.
As epibatidine only contains one rotable bond, its freedom is severely restricted. Therefore, a special attention has been paid to the preparation of conformationally constrained nicortinoids as attractive candidates for selective nAChR ligands. Thus, we designed an annulated niocotinoid, which have a chloropyridinyl nitrogen and a cationic moiety suitably placed on dihydropyrrolopyridine skeleton in order to potentially interact with the receptor sites through hydrogen bonding and electrostatic interaction, respectively. Here, we wish to report a facile synthesis of 2-chloro-5,7-dihydro-pyrrolo [3,4-b] pyridine-6-carboxamidine 12 from 2-chloroquinoline 4. In our best knowledge, a synthesis of 2-chloro-6,7-dihydro-5H-pyrrolo[3,4-b]pyridine 10 has not been reported previously.
It is envisioned that a facile synthesis of 6-chloro-pyridine-2,3-dicarboxylic acid 5 would offer the most concise synthetic route to the target molecule, as shown in Scheme 1. Despite a numerous advances in the dihydropyrrolopyridine chemistry, the synthesis of halide-containing one is quite rare, presumably, due to the lack of availability of halidecontaining quinolinic and cinchomeronic acid precursors. Although there are some methods for the preparation of halide-containing pyridine dicarboxylic acids, a facile and reliable preparation of such compounds is poorly documented. 6 It is well known that the ruthenium-catalyzed oxidation of aromatic rings would offer a very efficient and simple route to carboxylic acid. 7 Thus, 2-chloroquinoline 4 was reacted with ruthenium tetroxide, generated in situ from RuCl 3 and H 5 IO 6 , in a biphasic conditions (CCl 4 , CH 3 CN, H 2 O). Next, the acid 5 was treated with methyl iodide and cesium carbonate in DMF to give the ester 6.
8 Surprisingly, a problem was encountered in the reduction of 6. In spite of many precedences, 9 an attempted reduction of 6 with BH3-THF or of 5 with LiAlH4 was unsuccessful. In both reaction conditions, the reaction mixtures turned reddish and the starting materials were completely decomposed. After several trials, we found in situ generated calcium borohydride reduction of 6 cleanly afforded the diol 7 in 88% yield. 10 The remaining steps were quite straightforward. By adding of thionyl chloride, 7 was readily converted to the halide 8 in 85% yield, and subsequent substitution of 8 with ptoluenesulfonamide and sodiun hydride in DMF furnished the tosylate 9 in 57% yield. Finally, the deprotection of 9 was accomplished with hydrogen bromide (30 wt.% solution in acetic acid) in the presence of phenol to afford 2-chloro-6,7-dihydro-5H-pyrrolo [3,4- N''-triflylguanidine 11 which was utilized to guanidinylate primary and secondary amines, and alcohols. Thus, the reaction of 10 with N,N'-di-Boc-N''-triflylguanidine produced N,N'-di-Boc-N''-guanidine 11, which was easily converted to the target compound 12 with trifluoacetic acid in the presence of triethylsilane. The guanidine moiety have a strongly basic character which fully protonated under physiological conditions. Thereby, we reasoned the positive charge imposed on the molecule has a chance to form a π-cation interaction between the ligand and nAChR.
In conclusion, a highly efficient synthesis of 2-chloro-5,7-dihydro-pyrrolo [3,4-b] pyridine-6-carboxamidine 12, an annulated nicotinoid, has been accomplished starting from 2-chloroquinoline 4. It is noteworthy that the title compound contains chloropyridinyl nitrogen and a cationic moiety suitably placed on dihydropyrrolopyridine skeleton in order to potentially interact with nAChR. This work may offer a substantial method for the synthesis of halide-containing 6,7-dihydro-5H-pyrrolo [3,4-b] pyridine and 2,3-dihydro-1H-pyrrolo [3,4-c] pyridine, which were difficult to obtain. Currently, we are investigating the binding affinity of a series of annulated nicotinoids to nAChR and the result will be reported in due course.
Experimental Section

6-Chloro-pyridine-2,3-dicarboxylic acid (5).
A roundbottomed flask was charged with acetonitrile (60 mL), carbon tetrachloride (60 mL), water (90 mL), periodic acid (99.0 g, 434 mmol), and ruthenium(III) trichloride hydrate (6-Chloro-2-hydroxymethyl-pyridin-3-yl)-methanol (7). Calcium chloride (1.73 g, 15.6 mmol) and sodium borohydride (1.18 g, 31.2 mmol) were stirred in THF (30 mL) at room temperature for 1 h. A solution of 6 (1.79 g, 7.82 mmol) in THF (5 mL) was added dropwise to this hydride suspension. The reaction mixture was allowed to stir for 13 h at room temperature. The excess hydride was quenched with methanol and potassium carbonate was added to this residue. The organic layer was decanted and the residual solid washed repeatedly with THF. The combined organic layer was dried over sodium sulfate and concentrated to yield an oily residue. The residue was purified by flash chromatography on silica gel with ethyl acetate/hexane (1 : 1) as the eluent to give 1. 78 mmol) and triethylamine (0.18 mL, 1.3 mmol) in methylene chloride (4 mL). The reaction mixture was allowed to stir at room temperature for 2 h. After the reaction was complete, the solution was diluted with methylene chloride and washed with 2 M sodium bisulfate, saturated sodium bicarbonate, and brine. The organic extract was dried over sodium sulfate, and the solvent was removed under reduced pressure. 
